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ULTRAVIOLET-INDUCED CORNEAL TUMORS IN DIFFERENT SPECIES
AND STRAINS OF ANIMALS*
ROBERT G. FREEMAN, M.D. AND JOHN M. KNOX, M.D.
Animals repeatedly subjected to ultraviolet
irradiation develop many types of neoplasms,
the type varying with the light source, dosage,
species, strain and other factors (1, 2). Most
such studies have been concerned with the pro-
duction of skin tumors. However, the eyes of
these animals also are subjected to irradiation,
and carcinomas of the eyelids or neoplasms of
ocular structures may result (3—6).
After observing blindness due to corneal
tumors in a group of pigmented rats irradiated
with ultraviolet, we performed the following
biologic and histopathologic experiments to
evaluate the role of pigment and species differ-
ence in the formation of these tumors.
MATERIALS AND METHODS
The source of ultraviolet irradiation was two
mercury arc G.E. Uviare UA-3t lamps, mounted
on the top of a plywood box 50 cm from the skin
surface. All animals of each species were exposed
five days per week for one year or until both eyes
contained well-developed tumors. The duration of
daily exposure, given below for each species, was
based on the dosage capable of producing erythema
or skin tumors in albino strains. These dosages were
determined by previous experiments.
During exposure animals were kept in cages of
one-half inch wire mesh. At all other times they
stayed in an air-conditioned animal colony and
were given water and laboratory chow od libitum.
Control groups of each species and strain were
identically maintained but not irradiated.
Species of animal, strains, number of each kind,
and duration of exposure were as follows:
Rats. 66 pigmented rats (33 black, 17 black and
white, 10 gray and brown, 6 gray and white) and
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t G.E. Uviare Model UA-3, available from Gen-
eral Electric Company, Large Lamp Department,Cleveland 12, Ohio. The lamps have a 360 watt
rating, are housed in a quartz tube, and give a
broad spectrum emission (2200—2800 A°, 10.36
watts; 2800—3200 A°, 13.72 watts; 3200—4000 A°,
12.23 watts; 4000—7600 A°, 25.10 watts).
12 nonpigmented rats exposed daily for 2 and ½
to 3 minutes.
Mice. 31 pigmented mice (14 black, 17 gray and
brown) and 18 nonpigmented mice exposed daily
for 2 minutes.
Hamsters. 9 pigmented and 10 nonpigmented
hamsters exposed daily for 2 minutes.
Guinea pigs. 11 pigmented and 6 nonpigmented
guinea pigs exposed daily for 10 minutes.
The time of appearance of tumors, the color, size
and extent of growth were recorded. As soon as an
animal developed tumors in both eyes, it was
autopsied. Pathologic studies were then performed
on sections of the enucleated eyes, which had been
fixed in 10 per cent formalin, embedded in paraffin,
and sectioned and stained with hematoxylin and
eosin according to standard teehnies.
RESULTS
Rats, mice and hamsters all responded to
ultraviolet by developing skin damage and
clouding of the anterior chamber of the eye.
Later eorneal tumors developed in the fre-
quencies shown in Tables I—Ill. By contrast,
none of the guinea pigs developed eye tumors
or manifested any eye changes as a result of
ultraviolet exposure although they, like the
other animals, received an approximate skin
erythemal dose daily five times per week.
In rats, the tumor occurrence was greater
in each of the four pigmented strains than in
the albino strains (Table I). Tumors grew
more rapidly in pigmented mice and hamsters
than in nonpigmented strains, a difference
statistically significant at 180 days (Table II).
When irradiation was continued, nonpigmented
animals eventually developed tumors and this
frequency approached or equalled the frequency
of pigmented animals (Table III).
The more rapid onset of tumors in pigmented
animals is shown in Table IV which gives the
average time of onset for each species. Pig-
mented animals developed eorneal tumors in
193—200 days while nonpigmented groups re-
quired 231—283 days. With mice and rats these
differences are statistically significant at the 1
per cent level or better. The difference in pig-
mented and nunpigmented hamsters was sug-
gestive but not significant (p = 0.1), possibly
because of the small numbers of animals used.
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TABLE I
Eye tumor incidence in different strains of rats
No. of Tomors/
No. of Eyes Percentage
Black
Black and White
Gray Brown
Gray and White
Albino
42/66
31/34
17/20
6/12
2/24
64
86
85
50
8
TABLE II
Species difference in eye tumor incidence
(% Eyes with Tumor at 180 Days)
Animal Pigmented Noopigmeoted
Rats 37 7
Mice 19 7
Hamsters 37 5
Guinea Pigs 0 0
TABLE III
Species difference in eye tumor incidence
(% Eyes with Tumors at 1 Year)
Aoimal Pigmented Nonpigmee ted
Rats
Mice
Hamsters
Guinea Pigs
67
51
50
0
8
55
25
0
TABLE IV
Average time of onset of eye tumors
Rats
Mice
Hamsters
Guinea Pigs
Pigmented
193 days
199 days
200 days
0
Nonpigmeoted
283 days
231 days
259 days
0
PATHOLOGIC DE5caIPTION
Within six weeks after beginning ultraviolet
exposure, the anterior chamber of the eyes of
pigmented rats and mice became clouded.
Microscopically, this white material in the an-
terior chamber consisted of fibrin strands with
occasional leukocytes. Clouding was not ob-
served in albino animals nor in hamsters or
guinea pigs.
The first evidence of tumor formation oc-
curred during the fifth month when small
opacities appeared in the cornea of many pig-
mented animals and a few nonpigmented ones.
The average time of appearance of the tumors
in each group is shown in Table IV.
Following is a description of a detailed study
of the corneal tumors of rats. The changes were
similar in mice and hamsters. Initially small
white or red nodules appeared in the central
cornea. These nodules had a smooth surface
covered by epithelium. As they grew, ulceration
often occurred. They extended toward the
limbus and bulged into the anterior chamber
and externally. Approximately one-half the
tumors wcrc red and the other half gray or
white (Figs. 1, 2). The red tumors usually grew
larger than the white ones and ulcerated more
often. They often developed a thick brown crust
on the surface and extended laterally beyond the
limbus into the orbit. White tumors usually re-
mained localized to the cornea.
The red vascular tumors and the white fi-
brous tumors had the appearance of hemangio-
endotheliomas and fibrosarcomas respectively,
similar to the descriptions of Lippincott and
Blum (6). In this study two-thirds were classi-
fied histologically as fibrosareomas. The extreme
vaseularity of some of these explains the obser-
vation that one-half the tumors were red but
only one-third were hemangioendothehiomas
microscopically. The tumors arose in the
corneal stroma and were separate from the
corneal epithehium and endothehium in early
stages. Fibrosarcomas were composed of bun-
dles of spindle cells with elongated nuclei (Fig.
3). Collagen and reticuhin were present in the
stroma. Blood vessels often were numerous at
the periphery of the tumor. Many lympho-
cytes, histiocytes and occasional leukocytes
surrounded the tumor bundles. Ulceration was
present only in large tumors. Two quite large
tumors were composed of very irregular bizarre
cells and contained areas of necrosis (Fig. 4).
The hemangioendothehiomas were composed
of vascular spaces of different sizes lined by
prominent endothehial cells and surrounded by
loose connective tissue. Nuclei of endothehial
and stromal cells varied in size and shape; some
were quite large and bizarre (Fig. 5). Ulcera-
tion occurred in most hemangioendothehiomas
and a zone of necrotic tissue, fibrin and exudate
covered the surface. The tumor and adjacent
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Fm. 1. Appearance of a white fibrous tumor of the cornea In a black and white rat
Fie. 2. Red tumors, such as this one in a black rat, are
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FIG. 3. The microscopic appearance of a typical white tumor
Fiu. 4. Some white tumors were poorly differentiated and manifested bizarre cytologic features
a aaZS C II !! j ' nntiraet!a,.a-
a -
0 
ULTRAVIOLET-INDUCED CORNEAL TUMORS 435
Fia. 5. Microscopic appearance of a hemangioendothelioma
cornea contained many lymphocytes, histiocytes
and leukocytes. The corneal epithelium adjacent
to the tumor was hyperplastic. The endothelium
and Descemet's membrane were intact except
in a few eyes whose anterior segments had been
destroyed by very large tumors. Two of these
tumors were almost entirely necrotic. ilyper-
plasia of the corneal epithelium was usually
present and was observed in a few instances
even before tumors had appeared. Vasculari-
zation of the cornea was also present in these
early stages. Keratinization of the superficial
epithelium was also observed.
DISCUsSION
The observation that pigmented animals of
several species develop tumors of the cornea
more readily than their corresponding albino
strains is interesting. Pigment appears to be the
common underlying factor since several strains
of three different species reacted similarly when
pigment was present. Melanin protects against
ultraviolet injury in the skin and in ocular
carcinoma arising from the conjunctiva in
cattle (4). The apparent finding of an adverse
effect of pigment on a light-induced injury is
surprising and not readily explainable.
A variety of studies point to the tumorigcnic
effect of ultraviolet n the eye. Sun exposure
may result in conjunctival carcinoma in cattle
(4). Ash and Wilder (7) thought chronic sun
exposure migbt be causative in their series of
human eye tumors because many of their pa-
tients were from Texas and Tennessee. Their
tumors were at the limbus and arose from eon-
junctiva. Pterygia and pingueculi of the con-
junctiva are also related to sunlight exposure.
By contrast corneal tumors are rare in man and
they are almost always secondary to a conjunc-
tival tumor (8). It is interesting that the human
cornea does not form tumors readily. Yet it
absorbs significant quantities of mid-ultraviolet
light and it has no melanin nor stratum
corneum to protect it as does the skin.
Lippincott and Blum described fibrosarcomas
or hcmangioendothehomas in 5 per cent of al-
bino mice in their experiments on ultraviolet
carcinogenesis (6). They observed more fibro-
sarcomas than carcinomas of the skin (2). It
is interesting that we have obtained carcinomas
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rather than sarcomas in nearly all of our ultra-
violet studies on the skin. Yet the tumors of
the cornea in this study, as in theirs, arose from
mesodermal tissues. We did not find metastases
from these eye tumors. This might cause one
to question the malignant designation for these
tumors. This interpretation was based on the
rate and character of growth and on cytologic
features of the tumors and agrees with Lippin-
eott's observations. Further studies are in prog-
ress to determine whether early tumors will
regress if irradiation is halted and whether
metastasis will eventually take place.
5UMMARY
Pigmented mice, rats and hamsters exposed
to ultraviolet develop hemangioendotheliomas
and fibrous tumors of the cornea more fre-
quently than nonpigmented strains. Guinea pigs
showed no evidence of injury.
REFERENCES
1. BLUM, H. F. Carcinogenesis by Ultraviolet
Light, Princeton, Princeton University Press,
1959.
2. GRADY, H. G., BLUM, H. F. AND KIRBY-SMITH,
J. S.: Types of tumors induced by ultraviolet
irradiation and factors influencing their rela-
tive incidence. J. Nat. Cancer Inst., 3: 371,
1943.
3. ROFFO, A. H.: Cancer et soleil: Carcinomes et
sarcomes provoques par l'action du soleil in
toto. Bull. Ass. Franc. Cancer, 23: 590, 1934.
4. ANDERSON, DAVID E.: Effect of pigment on Bo-
vine ocular squamous carcinoma. Ann. N.Y.
Acad. Sci., 100: 436 1963.
5. HULDseHINsKY, K.: Augensarkome bei Ratten,
hervorgerufen durch abnormlange ultravio-lettein wirkung. Deutsch. Med. Wschr., 59:
530, 19533.
6. LIPPINcOTT, STUART W. AND BLUM HAROLD F.:
Neoplasms and other lesions of the eye in-duced by ultraviolet radiation in strain A
mice. J. Nat. Cancer Inst., 3: 545, 1943.
7. Asn, J. E. AND WILDRR, H. C.: Epithelial tu-
mors of the limbus. Tr. Ann. Acad. Ophthal.,
46: 215, 1941.
S. DUKE-ELDER, SIR W. STRwART: Textbook of
Ophtbal, pp. 6515—6516, Vol. VI. St. Louis,
C. V. Mosby Co., 1938.
ERRATUM
The following Grant numbers were omitted from the paper, "Epithelial
Outgrowths From Tissue Cultures of Basal Cell Epitheliomas", by Dorothy
G. Walker, M.A., Norman Goldstein, M.D., Alfred W. Kopf, M.D. and
Jane C. Wright, M.D., J. Invest. Derm., 42: 435, 1964:
Supported in part by: USPHS Grant CA 97354-0 1 and ACS Grant
* T-244 and T-244A
